Abstract-With the large-scale construction and rapid development of underground engineering, a large number of underground engineering construction, such as tunnel and subway emerged. The geological structure of the tunnel is complex and the roc is fragmented. Tunnel seismic image is a new geophysical technique. This method has advantages such as high resolution, high reliability and obvious image characteristics. Therefore, to insure the safety of the construction and to eliminate geological disasters, the advanced prediction technology of seismic image in tunnel detection is applied. In the paper, the seismic image was used to detect the Huangzhuang tunnel geological condition. The reflected waves, the refraction wave and the surface waves can reflect the same geological conditions, and the result is in accordance with the drilling. Tunnel seismic image can effectively and safely guide the excavation of the tunnel section working surface in combination with reconstructed images and excavation technology.
INTRODUCTION
In recent years, with development of society, economy has increased greatly, the highway, high-speed railway, large water conservancy and other various infrastructure construction of rapid development, specially the tunnels, subways and so on, the large-scale construction of underground projects. Because of the pecularities of tunnel complicated hydrogeological conditions and the characters of underground engineering projects, a series of environmental geotechnical problems, such as fault, ground subsidence, karsts, crushing zone, collapse, high geostress area, water bursting, instability of cave, water irruption and all kinds of bad geological body become more conspicuous and frequent [1] [2] [3] [4] [5] [6] . The geologic phenomenon is often encountered during the tunnel construction. And these incidents will not only influence the construction of underground engineering projects progress but also bring severe geological disasters, and even cause serious casualties and economic loss [7] [8] [9] . To ensure construction safety and avoid such accidents, the geological conditions and rock mass in front of working face must be done before the excavation.
We should find out the geological diseases that may meet in tunnel excavation process and forecast possible accident and danger under the complicated geological conditions. In order to take timely measures to ensure construction safety, higher application requirements and countermeasures must be prepared beforehand. So, it needs faster development of tunnel prediction technology [10] [11] [12] [13] [14] [15] [16] [17] . The advance of geological forecast is of great significance in tunnel construction.
Geological prediction in tunnel construction is a leading international topic and problem all over the world [18] [19] [20] [21] [22] [23] [24] . The tunnel geological prediction becomes a difficult problem with high demand and difficult technology for complicated geological conditions and frequent engineering accident of tunnel. Advanced geological forecast methods includes geological analysis, advanced drilling method, the seismic reflection wave method, geological radar method, transient electromagnetic method, land sonar method, seismic wave tomographic imaging method and so on [25] [26] [27] [28] . At the current stage, tunnel prediction is mainly based on seismic reflections, assisted by geological radar. In order to effectively predict geological problems in the front of tunnel face using the seismic reflection signals, special prediction technologies such as Negative Apparent Velocity, Horizontal Seismic Profile (HSP), Tunnel Seismic Prediction (TSP), True Reflection Tomography (TRT), and Tunnel Seismic Tomography (TST) have been developed using different observation patterns and data processing techniques [29] [30] [31] .
This paper discusses the application of seismic methods under the tunnel construction. We use multichannel system enhancement seismographs, which has 48 channels that can meet the test. The seismic image can collect the continuous profile data, and the microcomputer can process these data rapidly.
II. PROJECT SUMMARY AND GEOLOGICAL CONDITIONS

A. Project Summary
Huangzhuang tunnel is a highway tunnel, the starting pile number is k145+030, the tunnel at the end of the pile number is k145+958, its total length is 0.928 km. The road standard is secondary and the design speed is 40 km/h. The clear height is 5m, and the width is 9m. Tunnel portal design is for terminal wall. The tunnel is shallow, buried from K145+256 to k145+418 and the buried depth from 18.5 to 31.3 m.
B. Geological Conditions
Tunnel hole body is mainly through the late yanshanian granite and the import section is mainly cretaceous andesite. The exposed rock from the new to old is Q 4 el+al , Q 4 el+pl and Ptn.
C. The Basic Principle of Tunnel Seismic Image
Seismic waves, propagating in the tunnel wall rock, spread widely and are reflected and refracted when encountering interfaces between rocks with different acoustic impedances. Reflected waves returning to the receivers are recorded. Surface waves are very strong and spread along both the axial and radial directions. The principle of tunnel seismic image is in Fig. 1 . From the below figure, you can see the surface wave (direct wave), reflected wave and refraction wave in the seismic image. 
III. RESULTS AND ANALYSIS
A. The Reflected Waves
The complexity of the reflection seismic waves inside the tunnel is due to surface waves and converted waves near the tunnel surface. The signal waveform of reflection waves observed in the tunnel and its time series can be expressed as [32] : 
The reflection strength k (m ) R is a synthetic variable and is also the arithmetic product of the refraction coefficient of the forward wave ( 1i E ), the refraction coefficient of the backward wave ( ij E ), and the reflection coefficient of the radial tip ( K R ). in the front of the tunnel face can be inverted on the basis of synthetic data [35] :
where L and P represent the number of shot points and receiver points respectively, and i t is from the travel time equation (2) . The distribution of V can give equation (5) extreme values and can be determined by velocity scanning. The seismic reflection of the image map is shown in the Fig. 2 . The seismic reflection of the CDP section is in Fig. 3 . The seismic reflection of the CDP section energy spectrum is in Fig. 4 . Fig. 2, Fig. 3 and Fig. 4 we can see that the geological conditions can be predicted before the tunnel excavation. The landform line and the fault are clearly visible. The rock interface can be identify.
B. The Refraction Wave
The single channel seismic image is in the Fig.5 .The single channel seismic energy spectrum is in Fig. 6 . From Fig. 5 and Fig. 6 , we can see that the shallow geological conditions are relatively good. Local presence of cavity and discontinuous medium. 
C. Surface waves (P-waves and S-waves)
Surface waves are very strong and spread along both the axial and radial directions. As the affected depth inside the wall rock is about one wavelength, geophones will record strong surface waves if shallowly buried. P-and S-waves spreading inside the wall rock will generate converted waves on the surface around the tunnel, P-waves are converted to S-waves and S-waves are converted to P-waves. These wave groups are recorded all at the same time [36] . Figures 1 and 2 show wave front profiles of axial and radial sections, from which the travel time characteristics of P-waves, S-waves, and different kinds of converted waves can be clearly seen.
The dependence of P-and S-wave velocities on elastic properties and density are reviewed along with the significance of obtaining both P-and S-wave velocities for engineering purposes.
However, in this case, the particle motion is transverse to the direction of travel of the wave. S-waves are occasionally called transverse waves or shear waves.
Seismic velocity is a function of the density of the earth material and the elastic properties of that material. The expression is as follows:
where V is P-or S-wave velocity, K is the effective elastic parameter, andρis the density of the medium, relates velocity, density, and the elastic parameters. K is a function of Lamé's constants, λ and μ, which are related to how a material responds to normal and shearing stresses [37] . The effective elastic parameter for the P-wave velocity is:
and for S-wave velocities, it is
Several elastic constants are also expressed in terms of Lamé 's constants. One of the most important parameters in seismic work is Poisson's ratio  . If a cubic element of isotropic material is stretched along one axis of the Because the strains are dependent on the elastic constants, Poisson's ratio can be expressed in terms of Lamé 's constants ,
Poisson's ratio can be expressed in terms of P-and S-wave velocities, VP and VS, respectively, by
The P-wave seismic image map is in Fig. 7 . The S-wave seismic image map is in Fig. 8 . The Velocity analysis seismic image is in Fig. 9 . From Fig. 8, Fig. 9 and Fig. 10 , we can see that the p-waves and S-waves reflect certain phenomenon. Through our processing and analysis of the map, P-and ave studies, can be made on the surface or in a borehole.
Through the analysis of surface wave in seismic image and processing, we can find the surface wave seismic image in Fig. 10 , Surface wave seismic image energy spectrum in Fig. 11 , Velocity of Surface wave is in Fig.12 . The Surface wave velocity analysis is in Table I .
From Fig. 10, Fig. 11 , Fig. 12 and Table I . we can see that the rock interface around the tunnel is more. Through the image we can calculate the thickness of rock layers and investigate the situation of the geological anomaly area.
IV. CONCLUSIONS
The seismic image was used for Huangzhuang Tunnel and it worked well. The forecast results proved that by using the image method, the geological conditions of the area in front of the working face of the tunnel could be well known timely, and also the forecast result could be sent timely. Meanwhile the applicable procedures of seismic image method were so simple that it was possible to carry on the forecast work without the influence on the tunnel construction. With the seismic image, the basis could be provided to the tunnel construction and parameter adjustments to guarantee the construction safety. The reflected waves, the refraction waves and the surface waves can reflect the same geological conditions, and the result is the same with the drilling. Tunnel seismic image can effectively and safely guide the excavation of the tunnel section working surface in combination with reconstructed images and excavation technology.
